Taiwan is a country with a higher number of typhoon events every year, an average of almost 4 typhoons per year attacking Taiwan based on the records of Central Weather Bureau (CWB) of Taiwan from 1958-2012, includes the year event, duration, strength level, path, pressure, wind speed, etc. Beside data from CWB, there are numerical simulation results of events by National Science and Technology Center for Disaster Reduction (NCDR) of Taiwan based on their own prediction system. However there are little has known about the relevancy between the simulated typhoon data from NCDR and recorded typhoon data from CWB. Therefore, this study will focus on comparing the typhoon data from CWB and NCDR by using extreme value analysis for several determined return periods. In general, this research generates the results (wave height) by using extreme value analysis (Gumbel distribution and Weibull distribution) with the help by numerical models (Rankine-Vortex model, Wind Wave Model). After getting the results, this research uses visual analysis and independent samples t test to investigate the results. Based on results analysis, it can be concluded that the simulated typhoon data from NCDR does not represent the recorded typhoon data from CWB very well.
INTRODUCTION
Taiwan is a country with a higher number of typhoon events every year. This is caused by Taiwan is situated between the continental shelf of China and the open sea of the Pacific Ocean and it is often subject to severe sea states induced by typhoons generated during the summer in either the South China Sea or the Northwest Pacific Ocean near the Philippine islands, resulting in extensive loss of life and property (Ou et al. 2002 ). An averages of almost 4 typhoon per year attacking Taiwan based on the records of Central Weather Bureau (CWB) of Taiwan from 1958-2012. The information recorded includes the year event, duration, strength level, path, pressure, wind speed, etc.
Beside data from CWB, in Taiwan there are numerical simulation results of typhoon events by National Science and Technology Center for Disaster Reduction of Taiwan (NCDR) based on their own prediction system which is Quantitative Precipitation Estimation and Segregation Using Multiple Sensors (QPESUMS). QPESUMS is at total system integration incorporating data from multiple radars, numerical models, satellites, lightning and surface sensors. NCDR is Taiwan's government agency with one the purpose is to provide the government with comprehensive disaster analysis information for disaster prevention. The numerical model of NCDR is based on WRF model (Weather Research and Forecasting model) downscaling 20km wind field data (produced by Japanese Meteorological Research Institute, MRI) to 5km results. This research been generated the first edition of simulated typhoon events in 2012 for past and future time (2015-2039 and 2075-2099) .
However there are little has known about the relevancy between the simulated typhoon data from NCDR and recorded typhoon data from CWB. Therefore, this research will focus on comparing the typhoon data from CWB and NCDR by using extreme value analysis for determined return periods.
The sources of data for this research are from CWB and NCDR. The recorded typhoon data will use the data from CWB, while the simulated typhoon data will use the data from NCDR. For data set, this research will use 20 year data set from CWB and NCDR. The choice of 20 year data set is to create a similar year range data set from CWB and NCDR and to follow the description by Coastal Engineering Manual (2002) .
Input variables for this research from the data are typhoon pressure and typhoon path line (longitude and latitude coordinate). According to CWB, typhoon paths with wind field having physically affected the Taiwan are divided into ten categories. Fig. 1 illustrates the statistics of those categorized paths from 1989 to 2011, which consist of five west bounds (paths 1, 2, 3, 4 and 5), four north bounds (paths 6, 7, 8 and 9) and one special path which is path 10. The path 10 termed as special path because its path did not fit to categorize as other nine's path, but its wind field affected the Taiwan. Meanwhile, the results after data analysis will be the wave height induced by typhoon's wind. According to Short Protection Manual (1984) wind-induced waves are surface waves that occur as the winds blow over the water surface. Wind-induced waves are generated in variety of sizes from ripples to large ocean waves as high as 30 meters.
In general, this research generates the results by using extreme value analysis with the help by numerical models. Distribution function use in extreme value analysis is Gumbel distribution or Weibull distribution, the selection of distribution function is based on evaluation parameters which are correlation coefficient (COR) and root mean square error (RMSE), the selected return periods are 5, 10, 25, 50, 100, 150, 200 and 250 year. Numerical models uses are Rankine-Vortex Model (RVM) to generate wind field, Wind Wave Model (WWM). Fig. 2 illustrates the flowchart of research approach. After getting the results, this research will use visual analysis and independent samples t test to investigate the research objectives.
This research uses different year range for typhoon data set, where NCDR data uses data set with year range 1980-1990, while CWB data uses data set with year range 1990-2009. This is because the research approach uses time series data for the input, meanwhile typhoon data report from CWB before 1990 did not have time series data for pressure. Because of this reason, it decided to use the data set with year range 1990-2009 for this research. Fig. 3 shows the difference in CWB report page before and after year 1990. In addition, for NCDR typhoon data, there are year where their typhoon prediction system estimate no typhoon risk affecting Taiwan. Because this research uses 20 years data set, so it was decided to substitute the year with no typhoon risk with another data. There are no typhoon risks for year 1982, 1983 and 1998 . The data was substituted to year 1979, 2000 and 2001 respectively. These limitations will not affect the results because Coastal Engineering Manual (2002) described when form an annual maximum series data, a data with record length of 20 years or more is needed without requirement the said data shall be in sequence. Furthermore, Goda (2000) described the individual data in a sample data set are independent to each other.
THEORETICAL BACKGROUNDS (a) Extreme Value Analysis
Statistical method where limited length of data used to estimate the extreme event is known as extreme value statistics. Goda (2000) described extreme value statistics have the objective of estimating an expected value of extreme event which would occur once in a long period of time. For this purpose, the concept of return period is introduced. The relationship between return period of extreme event with it probability express in the following equation:
where P is the probability of the extreme event occurs, T is the return period and is the cumulative distribution where extreme event (x) not exceeded. Coastal Engineering Manual (2002) 
where x is stand for the extreme event, F(x) is the cumulative probability function, A is the scale parameter, B is location parameter, k is shape parameter. Table 1 show the characteristics of distribution function used to determine the value of B, A, and k (Goda 2000) . Goda (2000) described there are several methods of fitting a theoretical distribution function to a sample of extreme data. They are graphical fitting method, least square method, method of moments, maximum likehood method, and few others. The least square method is recommended to use because of its simplicity in algorithm and applications. The unbiased plotting position equation can be expressed in the following general form:
Eq. 5 is derived as the expected probability of the mth ordered variate in the population. The value of constant and are given in Table 2 . There are various evaluation factor can be used as parameter when selecting the distribution function. Two commonly used parameters are root mean square error and correlation coefficient. Equation for root mean square error is as follows
where MSE is mean square error, Fi is cumulative probability from sample data, and n is number of population. Equation for correlation coefficient can be expressed as
where cov is stand for covariance, and is notation for standard deviation.
(b) Typhoon Wind Field
Ou et al. (2002) described typhoon wind fields are usually intense, spatially inhomogeneous and directionally varying. The large gradients in wind speed and the rapidly varying wind directions of the typhoon vortex can generate very complex ocean wave fields, but for practical applications the wind fields are always represented in terms of relatively simple parametric models. They used modified Rankin-Vortex Model (Holland 1980) to generate typhoon wind field, and its pressure distribution form is assumed to be an exponential relation that can be expressed as (Myers 1954 )
where is the central low pressure, ∆ is the atmospheric pressure depression ∆ 1013.3 0, ∞ is the atmospheric pressure in the far field of the typhoon and has a theoretical constant value of 1013.3 hPa, is the ambient atmospheric pressure at radius r from the low-pressure center, and is the radius of the maximum wind speed. Following Graham and Nunn (1959) (10) where is the latitude while is the typhoon's forward speed. Following Eq. 9, the pressure gradient induces the cyclostrophic wind at a distance r from low-pressure center, which can be expressed as
where is the density of air. The relationship between the cyclostrophic wind and the gradient wind yields:
where is the gradient wind speed at position r from a typhoon's low-pressure center, f is the Coriolis parameter 2 0.525 . The parameters and respectively represent the angular velocity of the earth's rotation and the latitude. The gradient wind velocity can be reduced to (at 10 m above the sea level) by the application of a factor of 0.8 (Powell 1980) as
Adding the typhoon's forward speed to the sea wind the corrected velocity of the typhoon yields * 0.5
where * is the composite wind velocity by the typhoon forward speed and the gradient wind speed, and is the angle between the composite wind velocity and the typhoon forward velocity. Fig. 4 demonstrates the relationship between * and , where point O is the center of the typhoon, OM is the radial direction of the maximum wind speed, is the included angle of the composite wind velocity and the isobar of 25 (Shea and Gray 1973) , is the included angle between the typhoon forward velocity and the x-coordinate, and is the included angle between OG and the x-coordinate. Thus, , can be expressed by 90 .
(c) Wind Wave Model Hsu et al. (2011) explained in the Wind Wave Model, the evolution of the wave spectrum is described by the spectral action balance equation, which is expressed in Cartesian coordinates as follows (Hasselmann et al., 1973) : (17) where , , , , is the action density function, t is the time, , , , are the propagating velocities in the x, y, and spaces respectively, is the relative frequency, is the wave propagation direction. The term ⁄ on the right-hand side of the equation is the source term, which is in terms of energy density, representing the combined effects of energy generation , dissipation , bottom friction and also non-linear wave interactions . is the spectral density of the wave energy, they adopted the formulation for the energy generation and dissipation proposed by Makin and Kudryavtsev (1999) . The discrete interaction approximation (Hasselmann et al. 1985) scheme is applied for the description of the non-linear term , and the bottom friction term is in terms of the empirical formula proposed by Hasselmann et al. (1973) .
For application to large-scale oceanic regions, Eq. 17 needs to be integrated in terms of the spherical coordinates (18) where , , , , is the wave action density spectrum for spherical coordinates, is the latitude, is the longitude and , , and denote the time rates of change of , , and respectively. Equation for , , , and are given by the following equations:
where R is the radius of the earth, is the group velocity, is the current velocity vector, is the wavenumber vector and | | is the wavenumber. In Eqs. 20 and 21, north and east represent latitude and longitude of the earth respectively. Eq. 18 will be used as the transport equation of the WWM. Detail of the numerical scheme and boundary conditions in WWM are given in Hsu et al. (2005) . For the verification of the WWM, Hsu et al. (2005) described the numerical results obtained from the WWM are in fairly good agreement with measurements. Fig. 5 shows the mesh configuration of the WWM boundary condition use in this research. It contains 2454 nodes and 4542 elements. Buckingham and Saunders (2004) described independent samples test is used to test the significance of a difference between the mean values recorded for two samples on a dependent variable. Assumptions for independent samples test: 1. The two samples are independent of one another. 2. The dependent variable is normally distributed. 3. It requires that the variance within each of the groups being compared should not be too dissimilar.
Jackson ( where is the value obtained from calculation, and are the mean of the two samples, and are the variances of the two samples, and are the number of data in each sample. Before determine the test value, there are three parameters need to decide first which are the hypothesis direction, degree of freedom and ∝ level.
There are two ways in forming hypothesis for test. Jackson (2006) described the first one is called a directional hypothesis. In this case, the researcher predicted the direction of the difference. Thus, the hypothesis for directional test might more appropriately be written as
The other way is called non-directional hypothesis, in which the researcher expects to find differences between the groups but is unsure what the difference will be. The statistical notation for non-directional test is
where is the hypothesis that will be tested and is alternative hypothesis that will be accepted if the rejected, and are the population mean of data 1 and data 2. One of the key concepts in hypothesis testing of statistical significance test is determine the ∝ level which defined as the probability rejecting hypothesis when in fact it was true, this is same as controlling the Type I error to a specified level. Jackson (2006) explained the Type I error occur when the hypothesis is rejected when in reality the hypothesis is true. There is another error that called as Type II error, this type of error occur when not rejecting the hypothesis when it is false. Fisher (1990) explained based on past experience, he suggested that a ∝ level of 0.05 is a good compromise between the likelihoods of making Type I and Type II errors. Anytime a decision made using statistics, there are four possible outcomes. Two of the outcomes represent correct decisions, whereas two represent errors. Table 3 adapted from Kreyszig (1999) to illustrates the possible outcomes of decision taking use statistical method. Next on is about the degrees of freedom. Iversen and Norpoth (1987) explained the degrees of freedom appear any time when compute a sum of squares. One way to define the concept is to say that the degrees of freedom for a particular sum of squares is equal to the smallest number of term in the sum need to know in order to find the remaining terms and thereby compute the sum. Jackson (2006) expressed the equation for determining degree of freedom for independent samples t test is 2 (27)
Degrees of freedom use to decide the critical value of ( ) for selected ∝ level to determine rejection region where the hypothesis in not true. Fig. 6 illustrates hypothesis testing related to . Jackson (2006) reproduced critical value of t for Student's t distribution with the n-degree of freedom shows in Table 4 . The value from Eq. 24 then compared with to determine if the hypothesis is accepted or rejected. 
DATA ANALYSIS
Study points are determined before data analysis. The purpose of study points is to be the location where the wave height results from numerical models will be investigated. There are twelve study points selected which spread evenly between Western and Eastern area of Taiwan. The study points information shown in Table 5 .
The study points are selected to cover all of Taiwan area with the distance from the shoreline are approximately 5.0 to 10.0 Km. Fig. 7 illustrates the location of selected study points. The input data for this research are time series data of typhoon pressure and typhoon path line from CWB and NCDR. Not all typhoon data is taken into consideration, only the typhoons with wind field having physically affected the Taiwan are selected.
The first step is running the numerical models by using time series data of typhoon pressure and typhoon path line. Run RVM to generate the wind field, after that run WWM to generate the wave height for selected study points. The results are the wave height of the typhoon. Then, generate the annual maximum data of wave height for selected study points. The next step is performing extreme value analysis by using the annual maximum data of wave height for selected study points. The results are wave height for selected study points and determined return periods. Then compare the evaluation parameters RMSE and COR. Table 6 illustrates the evaluation parameters of CWB and NCDR data for wave height from Gumbel distribution and Weibull distribution. Based on Table 6 , more than 90% of evaluation parameters results shows the Weibull distribution are better than Gumbel distribution if compare between each study point. So the results from Weibull distribution are selected. In the end, the results were the maximum wave height for selected study points and determined return periods. Table 7 and Fig. 8 represent the wave height results. Based on visual analysis of Fig. 8 , there are differences in wave height results investigated by comparing the results based on the source of data. For this research, the results of CWB and NCDR are quite different. It is estimated because the inputs are not controlled, the inputs for this research are time series data of typhoon path line and pressure.
To further study the differences between the results, this research is conducting the independent samples t test to investigate the results based on statistical method that will be explained in next the part of the report.
RESULTS AND DISCUSSION
The main objective of this research is to investigate the relevancy of the simulated typhoon data from NCDR to recorded typhoon data from CWB. From visual analysis, the wave height results from data analysis show there is a difference.
To investigate if the difference is significance according to statistical method, this research is conducting the t test analysis of the results based on the source of data. The results being compared are from CWB 1990 -2009 data and NCDR 1980 -1999 data. Calculation of the wave height results for study point 2 shown as an example (Table 8) .
There are 8 data for each sample. The next step is defining the hypothesis and alternative hypothesis which are: : No significant difference between the SP2 wave height results of CWB 1990 -2009 and NCDR 1980 -1999 There is significant difference between the SP2 wave height results of CWB 1990 -2009 and NCDR 1980 -1999 . The hypothesis is non-directional hypothesis. The degrees of freedom is 14 2 14 .
The ∝ level selected is 0.05, so the value of based on Table 4 is 2.145. From the calculation, the value is 1.1972. So the falls under the . Thus, the is accepted, while is rejected. Fig. 9 represent the obtained in relation to the . For the other study points, the calculation processes are similar. Table 9 illustrates the summary of t test for the rest results comparison. 1990 -2009 and NCDR 1980 -1999 data in five study points for the wave height results. As stated in previous section, this is predicted because this research uses time series data of typhoon path line and pressure for the input.
CONCLUSION AND SUGGESTION
The proposed methodology can verify whether the typhoon characters predicted by the dynamic simulation model can represent the actual typhoon characteristics on local coastal areas. According to result analysis, it can be assured that the input data (the pressure and the path line) hold an important role. If the inputs are not controlled like this research method approach, it shows there are significance differences between the results of CWB and NCDR data for some study points. Based on results analysis, it can be concluded that the simulated typhoon data from NCDR does not represent the recorded typhoon data from CWB very well. Visual analysis showed there are differences in the results. Furthermore, based on t test analysis there are significant difference between CWB and NCDR data in five study points for the wave height results in this research.
To strengthen the analysis about the relevancy of simulated typhoon data from NCDR to recorded typhoon data from CWB, extend the study by investigating other wave parameters, such as wave period and wave length.
